We have performed a statistical study of the outburst properties of 110 bright X-ray outbursts in 36 low-mass X-ray binary transients (LMXBTs) seen with the All-Sky Monitor (ASM; 2-12 keV) on board the Rossi X-ray Timing Explorer (RXTE) in 1996-2011. We have measured a number of outburst properties including peak X-ray luminosity, rate-of-change of luminosity on daily timescale, e-folding rise and decay timescales, outburst duration and total radiated energy. We found the average values of some properties such as peak X-ray luminosity, rise and decay timescales, outburst duration and total radiated energy of black hole LMXBTs are at least two times larger than those of neutron star LMXBTs, implying that these properties can be used to infer the nature of the central compact object of a newly discovered LMXBT. We also found the outburst peak X-ray luminosity is correlated with the rate-of-change of X-ray luminosity in both the rise and the decay phases, which is consistent with our previous studies. There are also positive correlations between total radiated energy and peak X-ray luminosity, and between total radiated energy and e-folding rise or decay timescale in the outbursts. These correlations suggest that the mass stored in the disc before an outburst is the primary initial condition which sets up the outburst properties seen later on. We also found the outbursts of two transient stellar-mass ULXs in M31 also follow the correlations, which indicate the same outburst mechanism works for the outbursts of these two sources in M31 which reached above the Eddington luminosity.
INTRODUCTION
Low-mass X-ray binary transients (LMXBTs) are Xray transients which contain a primary star of either a black hole (BH) or a neutron star (NS) and a less massive normal star (in general M ≤ 1M ⊙ , Liu et al. 2007) . They are also referred as X-ray novae (XN) or soft Xray transients (SXTs) in the literature. LMXBTs are characterized by long period of quiescence interrupted by episodic outbursts during which the X-ray flux increase by several orders of magnitude (see Tanaka & Shibazaki 1996; Chen et al. 1997 , for a review). Outbursts of LMXBTs are usually thought to be triggered by the thermal-viscous instability in a thin accretion disc supposed to exist during the quiescence of LMXBTs (see the reviews by Lasota 2001, and references therein). In the disc instability model (DIM), as matter accumulates in the disc, the surface density increases until a threshold is exceeded at a certain radius, which triggers the instability. The heating front propagates inwards and outwards, during which the accretion rate increases and the source turns into an outburst phase. However, the original DIM fails to explain some properties of the outbursts in LMXBTs such as outburst duration, recurrence time and decay time, so some other processes (such as irradiation) were considered in the modified DIMs (e.g. King & Ritter 1998; Dubus et al. 2001) .
LMXBTs usually display distinct X-ray spectral states during bright outbursts, no matter the compact object is a BH or a NS (Yu et al. 2003) . Spectral state transitions from the hard state to the soft state usually occurs during the rise phase of outbursts (see reviews by
Electronic address: zyan@shao.ac.cn, wenfei@shao.ac.cn Remillard & McClintock 2006) . It has been found that the luminosity at which the state transition occurs is approximately proportional to the peak X-ray luminosity of the outburst (Yu et al. 2004 Yu & Dolence 2007; Yu & Yan 2009; Tang et al. 2011) . The rate-of-change of the X-ray luminosity during the rise phase of an outburst is also approximately proportional to the outburst peak X-ray luminosity (Yu & Yan 2009 ). These two empirical correlations strongly suggest that non-stationary accretion dominates the development of the bright hard state and the luminosity of the hard-to-soft state transition. Due to the large range of the accretion rate on timescale of days to months an outburst covers, the LMXBTs offer a significant advantage to study the physics of nonstationary accretion. Chen et al. (1997) had performed a comprehensive study of the optical and X-ray properties of LMXBT before the launch of the Rossi X-ray Timing Explorer (RXTE). They collected X-ray light curves of 49 outbursts in 24 LMXBTs observed by Gina, Uhuru, Ariel 5 and Vela 5B in different energy bands. They found that the LMXB transient X-ray light curves display different morphologies, and classified the morphologies into five types. Some common parameters were used to describe the properties of outbursts, such as outburst peak X-ray luminosity, amplitude, rise and decay timescales, outburst duration and the total radiated energy. Their measurements of outburst amplitude and duration highly depend on instrumental sensitivity.
The observations of outbursts in LMXBTs have been greatly enriched since the launch of the RXTE. All-Sky Monitor (ASM, Levine et al. 1996) onboard the RXTE operates in the 2-12 keV, which provides us with 16 years long light curves of bright X-ray sources with quality and coverage better than ever before. It is therefore very necessary to update and summarise current observations of LMXBTs. In this paper, we present a systematic study of the outburst properties of 110 outbursts in 36 LMXBTs, including measurements of peak X-ray luminosity, rateof-change of luminosity on daily timescale, e-folding rise or decay timescale, outburst duration and total radiated energy. Notice that these measurements depend on the energy range we investigated -all of our measurements are based on the RXTE/ASM (2-12 keV) light curves.
DATA ANALYSIS AND RESULTS

Selection of Bright Outbursts
Among 187 LMXBs in the catalog of Liu et al. (2007) , 103 sources are identified as transients, 95 of which are monitored by the RXTE/ASM. We also found 11 LMXBTs in the ASM data archive which are not included in the LMXB catalog of Liu et al. (2007) .
Then there are a total of 106 LMXBTs with RXTE/ASM light curves, but four of them (GRS 1741.9−2853, AX J1745.6−2901, 1A 1742−289, CXOGC J174540.0−290031 ) are in the Galactic center region which can not be resolved by the RXTE/ASM. So we excluded these four sources in our analysis. There are another three sources (GRS 1915+105, KS 1731−260 and Cir X-1) having very long duration outbursts during the RXTE era. The rise or decay phase of the outbursts of these three sources are not available during the RXTE era, so we do not take these three sources as classic transient sources on the observational timescale of the RXTE/ASM. IGR J17091−3624 is also excluded due to its very poor data coverage.
Thus a total of 98 LMXBTs with available RXTE/ASM data are included in our analysis. The 1-dwell light curve of each source retrieved from the public ASM products database 1 , which covers the period from early 1996 to late 2011, was rebinned with 1-day duration bins uniformly in order to improve the sensitivity (∼ 10 mcrab for the daily average data). The X-ray flux of each source are reported in units of crab (1 crab = 75 ct s −1 , estimated from the light curve of the Crab observed by the ASM). We only selected outbursts with X-ray peak fluxes larger than 0.1 crab over a significance of 3σ as our samples. So our samples only include bright outbursts. We described how to select the outburst peak flux in Section 2.3 in detail.
4U 1608−522 sometimes stayed in a low flux level for as long as about eighty days after an outburst, then showed a secondary outburst, such as the 2005 outbursts (during MJD 53072-53202 and MJD 53424-53691, respectively) . We took the primary and the secondary outbursts as two independent samples in our analysis. The 2007-2009 outburst of 4U 1608−522 (see e.g. Linares et al. 2009, or Fig. 1 during about MJD 54258-55006) is constituted of two primary outbursts and and a series of small outbursts. These series of outbursts contributed three outburst samples in our analysis.
Finally, we ended up with a total of 110 outbursts in 36 LMXBTs, which include 22 BH systems and 14 1 http://heasarc.nasa.gov/docs/xte/asm products.html NS systems, respectively. More than half of LMXBTs in our sample only has one bright outburst during the RXT E era (see Table 1 ). MXB 1730−33 has the most amount of bright outbursts up to 23 in the 16 years. System parameters collected from the literatures for these LMXBTs are shown in Table 1 . Fig. 1 show longterm X-ray light curves of five NS and BH LMXBTs with the frequent outbursts during 1996-2011. We measured the peak X-ray luminosity, rate-of-change of luminosity on daily timescale, e-folding rise or decay timescale, outburst duration and total radiated energy for each of the outburst. We plot one outburst of each LMXBT in Fig. 2 as examples.
Bright Outburst Rate
We identified 110 bright LMXBTs' outbursts in the observations of RXTE/ASM (including 68 NS LMXBTs' outbursts and 42 BH LMXBTS' outbursts). The numbers of outbursts in every year is shown in Fig. 3 . Due to the detector problems of RXTE/ASM since late 2010, the sky coverage of RXTE/ASM was highly reduced (private communication with Alan Levine). So there is only one outburst (the 2011 outburst of 4U 1608−52) can be identified in 2011 data. For the period of 15 years from early 1996 to late 2010, an annual average of 7.3 bright outbursts events of LMXBTs were detected by RXTE/ASM, including 4.5 NS LMXBTs' outbursts and 2.8 BH LMXBTs' outbursts. This average number of outbursts per year is roughly three times larger than the estimation in Chen et al. (1997) , which may be due to the improvement of the sky coverage of the RXTE/ASM. Our outburst sample consists of bright outbursts with peak flux larger than 0.1 crab. Therefore the outburst rate of the LMXBTs we report here is independent of RXTE/ASM sensitivity.
Peak X-ray Luminosity
We chose the maximal flux value in the daily light curve of an outburst as the peak flux. We excluded two kind of data points when we identified the peak flux of an outburst, which are unlikely real detections and may be from instrumental or systematic errors. The first kind is that the flux is larger than the fluxes on two adjacent days by more than a factor of 2 (e.g. maximum fluxes of the outbursts of RX J1709.5−2639 and MAXI J1659−152 in Fig. 2 ). The second kind is that the error of the flux is larger than the two adjacent day by more than a factor of 2 (e.g. maximum flux of an outburst of GX 339−4 in Fig. 2 ). In addition, the ASM data of some outbursts have data gaps near the outburst peaks (such as the 1996 outburst of 4U 1608−522). In such cases, the peak flux we measured may be the lower limit of the true value.
In order to convert the observed photon count rate into flux, we assumed that the X-ray spectrum of each LMXBT is the same as the Crab in the 2-12 keV energy band. For simplicity, we used a conversion of 1 crab as 2.12×10 −8 ergs cm −2 s −1 (2-12 keV), which is estimated according to the spectrum of the Crab in the 2-10 keV energy band (Kirsch et al. 2005) . We collected the values of distances and masses of our selected LMXBTs from literature in order to estimate the X-ray luminosity (NS mass is assumed to be 1.4 ±0.1M ⊙ ). Thus the peak Xray luminosity L peak of the sources with known distances and masses can be scaled in units of L Edd , where L Edd is taken as 1.3 × 10 38 (M/M ⊙ ) ergs s −1 . These estimations could bring large uncertainties due to the differences of spectral shapes, hydrogen column density, inclination angle and radiation efficiency between those of the Crab and those of the sources in our sample, and in addition to the distances and the masses (in't Zand et al. 2007) . Notice that the X-ray flux is measured in 2-12 keV. The bolometric X-ray luminosity could be 3 times larger than the luminosity in 2-12 keV (e.g. in't Zand et al. 2007 ).
Among the 110 outbursts we selected, the brightest outburst during the RXT E era is the 1998 outburst of XTE J1550−564, which reached up to 6.5 crab. The faintest outburst we selected is the 2004 outburst of 4U 1608−522, the peak X-ray flux of which is about 0.12 crab. The most luminous outburst during RXT E era is the 2002 outburst of 4U 1543−475 for the sources with known distances, which reached to 5.4 × 10 38 ergs s −1 in 2-12 keV, and the bolometric X-ray luminosity could be 1.6 × 10 39 ergs s −1 . The minimum peak X-ray luminosity 
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of our selected outbursts is 9.6 × 10 36 ergs s −1 from 2001 outburst of XTE J1650−500. The peak X-ray luminosity of 1996 outburst of GRO J1744−28 is about 1.3 L Edd in 2-12 keV, which is the highest Eddington luminosity in our sample. But RXT E/ASM only covered the decay phase of this outburst, so the peak X-ray luminosity we measured could be the lower limit of the true value. The bolometric X-ray luminosity is about 3 times larger than that in 2-12 keV (e.g. in't Zand et al. 2007) , so the actual peak X-ray luminosity of 1996 outburst of GRO J1744−28 is at least 3.9 L Edd . The minimum peak X-ray in our sample is about 0.01 L Edd in 2-12 keV, which is from the 2010 outburst of XTE J1752-223. Fig. 4 shows the distributions of the peak luminosities and fluxes of all the selected outbursts, including BH LMXBTs, NS LMXBTs and all the LMXBTs, respectively. The statistical results of the average peak X-ray luminosity in logarithmic scale are shown in Table 2 . The distribution of the peak X-ray fluxes in units of crab has a cutoff at the low flux end due to the selection criteria of 0.1 crab, and the distribution above 0.1 crab is roughly consistent with a power-law form. From the left panel of Fig. 4 , we can see the outbursts with peak flux larger than 1.5 crab all belong to BH LMXBTs. The distribution of peak luminosities in units of ergs s −1 and L Edd both are roughly consistent with a Gaussian like distribution in logarithmic scale. The average peak Xray luminosity (in units of ergs s −1 ) of BH LMXBTs is nearly two times larger than that of NS LMXBTs, we can see from both the middle panel of Fig. 4 and Ta- ble 2. The average peak X-ray luminosity (in units of L Edd ) of NS LMXBTs is four times larger than that of BH LMXBTs (see the right panel of Fig. 4 and Table 2 ). The average BH mass with mass determination in our sample is about 9 M ⊙ , the NS mass is assumed as 1.4 M ⊙ . By considering the difference of average peak Xray luminosity in units of ergs s −1 between BH and NS LMXBTs, we can obtain the peak X-ray luminosity in units of L Edd of NS LMXBTs is about four times larger than that of BH LMXBTs, which is consistent with our measurement.
E-folding Timescale and Rate-of-Change of
Luminosity during the Rise or Decay Phase The e-folding time can be calculated by,
where ∆t is the time needed for the X-ray flux to increase by a factor of A. Note the actual rise phase may not be well described by a single exponential form. We selected two data points in the light curve to measure the e-folding time for simplicity. Then τ corresponds to the e-folding time between the two data points in the light curve, i.e. for an interval of τ , the X-ray flux increases by a factor of e ≃ 2.71828. The rise timescale defined in this way is independent of the instrumental sensitivity.
In practice, from the outburst peak backwards in time to the beginning of an outburst, we selected a data point marked as F 90% which has a closest flux to 90% of the outburst peak flux F peak . The F 90% we selected could be actually in the range of 80% − 100% F peak in the real data. Then we selected a data point named F 50% which is the closest to 50% of F peak , which could be actually in the range of 33% − 66% F peak . Some times we selected two F 50% if the outburst has a multi-peak profile (e.g. the outburst of GRO J1655−40 in the Fig. 2 ). Then backwards in time, a data point named F 10% closest to 10% of F peak was selected, which could be actually in the range of 1% − 20% F peak . During the procedures indicated above, we excluded the data points in the daily light curves of unusual fluctuation that a certain flux is larger/smaller than the fluxes of the two adjacent days by more than a factor of 2. (e.g. the data point on MJD 53589 of XTE J1818−245 and the the data point on MJD 52859 of H1743−322 in the Fig. 2 ). Then the e-folding rise timescales τ rise,10%−90% , τ rise,10%−50% and τ rise,50%−90% are calculated following Eq. 3.
In some outbursts, F 10% or F 50% can not be identified due to data gaps (e.g. see the Fig. 2 , the data gaps during about MJD 50100-50130 in the outburst of GRS 1739−278 and the data gaps during about MJD 52600-52640 in the outburst of XTE J1720−318). There are other cases that we could not identify the data points F 10% or F 50% because the X-ray flux increased too fast on the daily timescale (e.g. the outburst of MXB 1730−333 in the Fig. 2) .
Following the same method for the rise phase, we obtained the e-folding decay timescales for the different decay episodes corresponding to F 10% -F 90% , F 10% -F 50% and F 50% -F 90% , respectively. Fig 5 shows the distributions of the e-folding rise and decay timescales, including BH LMXBTs, NS LMXBTs and all the LMXBTs, respectively. Table 3 lists the statistical results of the average e-folding rise and decay timescales in logarithmic scale. General speaking, the e-folding decay timescale (∼15 days) is about three times larger than the efolding rise timescale (∼5 days, see the τ rise,10%−90% and τ decay,10%−90% in the Table 3 ). From Fig 5 and Table 3, we can see that the τ rise,10%−50% is about two times smaller than τ rise,50%−90% (both for BH and NS LMXBTs). Both the τ rise,10%−90% and τ rise,50%−90% of BH LMXBTs are two times larger than those of NS LMXBTs, but τ rise,10%−50% of BH and NS LMXBTs are similar. All the three e-folding decay timescales of BH LMXBTs are larger than those of NS LMXBTs by a factor of ∼ 2. The e-folding decay timescales are similar between the decay episodes corresponding to F 10% -F 50% and F 50% -F 90% (both for BH and NS LMXBTs), which suggests that the decay phase (from F 90% to F 10% ) of most outbursts are roughly of the exponential form.
We also measured the rate-of-change of flux according toḞ = ∆F/∆t for the different rise or decay episodes corresponding to F 10% -F 50% , F 50% -F 90% and F 10% -F 90% , respectively. For the sources with known distances and masses, we scaled theL in units of L Edd . Fig. 6 shows the distributions ofL of different rise and decay episodes in logarithmic scale, and Table 4 shows the the statistical results of the averagė L in logarithmic scale. From Fig. 6 and Table 4 , we can see that theL rise,50%−90% is about two times larger thanL rise,10%−50% both for the BH and NS LMXBTs, andL decay,50%−90% is also about two times larger thaṅ L decay,10%−50% . These suggest that the X-ray luminosity changes much more dramatically when it is near the peak X-ray luminosity. We showed the correlation betweenL rise and L peak scaled in L Edd in Fig. 7 . The Spearman correlation coefficients of these three correlations are 0.70, 0.67 and 0.70 at a significance of 7.28σ, 6.31σ and 6.88σ for the different rise episodes corresponding to F 10% -F 90% , F 10% -F 50% and F 50% -F 90% , respectively. These results demonstrate that there is a significant positive correlation betweenL rise and L peak (see Fig. 7 ), which confirms the previous results in Yu & Yan (2009) . We found the the L peak is also positively correlated withL decay in units of L Edd (see Fig. 7 ). The Spearman correlation coefficients are 0.59, 0.57 and 0.58 at a significance of 5.91σ, 5.59σ and 5.73σ for the different decay episodes corresponding to F 10% -F 90% , F 10% -F 50% and F 50% -F 90% , respectively, which shows the positive correlations between L peak andL decay are also very significant. In Lrise,10%-90% (LEdd/day,2-12 keV) Lrise,50%-90% (LEdd/day,2-12 keV) Ldecay,50%-90% (LEdd/day,2-12 keV) , it seems like these positive correlations are also hold in individual source GX 339−4. In addtion, we also found a positive correlation between the the e-folding rise timescale and the orbital period (see Fig. 8 ). The Spearman correlation coefficients are 0.51, 0.63 and 0.29 at a significance of 3.15σ, 3.99σ and 1.45σ for τ 10%−90% , τ 10%−50% and τ 50%−90% , respectively. But no correlation between e-folding decay timescale and the orbital period was found.
Outburst Duration
For outbursts with F 10% identified both in the rise and the decay phase, we estimated the duration of an outburst as the time interval between these two F 10% . In this way, our estimation of outburst duration is independent of the instrument sensitivity. Fig. 9 shows the distributions of the outburst durations for the available outbursts and Table. 5 shows the statistical results of the average duration in logarithmic scale. Based on our definition, the average duration of outbursts in LMXBTs is about 54 days. From Fig. 9 and Table 5 , we can see that the average duration of BH LMXBTs (∼88 days) is larger than that of NS LMXBTs (∼39 days) by a factor of ∼ 2.
We can estimate the duty cycle for each LMXBT using the outburst duration and the number of outbursts we measured. This parameter is very import in understanding the luminosity function and evolution of LMXBs (such as Belczynski et al. 2004; Fragos et al. 2008 Fragos et al. , 2009 , which is defined as the fraction of life time that a transient source is in the outburst phase. Due to the highly reduced sky coverage of RXTE/ASM since late 2010, we only used the data before 2011 to estimate the duty cycle. We summed all the outburst durations during the period 1996 -2010, and divided by the total observation time (∼ 5472 days) to estimate the duty cycle for each LMXBT. For the outbursts we could not measure the outburst duration duo to the lack of identification of F 10% in the rise or decay phase, we used the F 50% or F 90% (if lack of F 50% ) instead. −0.014 for all LMXBTs, NSs and BHs, respectively. But many LMXBTs in our sample only have one outburst during the entire RXT E era, so the duct cycle we estimated is actually the upper limit of the true value. The evolution history of the LMXBTs is much longer than the 15 years long RXT E/ASM observation, so the behavior during the RXT E era may not be typical in the long evolution history. But we can at least get an order of magnitude estimate of the duty cycles, which is helpful in the theoretical modelling of the luminosity function and evolution of LMXBTs.
Total Energy Radiated during Outbursts
We integrated the X-ray flux over an outburst from F 10% in the rise phase to F 10% in the decay phase to estimate the total X-ray fluence for each available outburst. The X-ray energy spectra of LMXBTs usually varies dramatically during an outburst. In order to estimate the X-ray flux more accurately, we extracted the ASM light curves in three energy bands, and scaled the X-ray flux in units of crab with conversion factors of 1 crab=27, 23, 25 c/s for 2-3 keV, 3-5 keV and 5-12 keV, respectively. Then we converted the photon fluxes of three energy bands into fluxes by assuming a crab-like X-ray spectrum, and summed the fluxes in the three energy bands to obtain the X-ray flux in the 2-12 keV. Then we measured the total X-ray fluence by summing the 2-12 keV X-ray flux from F 10% in the rise phase to F 10% in the decay phase. The data gaps in the daily light curve due to sparse coverage were filled with values inferred by linear interpolation. For sources with known distances, we can obtained the total energy E radiated during the outburst. We also measured the total radiated energy during the rise and decay phase in this way, respectively. Fig. 11 shows the ditributions of the total radiated energy E in the 2-12 keV. Table 6 shows the statistical results of the average total radiated energy in logarithmic scale. As can be seen from Table 6 and Fig. 11 , the average total energy of BH LMXBTs in 2-12 keV (∼ Fig. 12. -Relation between peak X-ray luminosity and total radiated energy. The filled and unfilled symbols represent BH and NS LMXBTs, respectively. There are positives correlation between the peak X-ray luminosity and the total radiated energy.
× 10
44 ergs) is about 6 times larger than that of NS LMXBTs (∼ 0.366 × 10 44 ergs). This difference may reflect the mass difference between BHs and NSs, since the average BH mass with mass determination in our sample is about 9 M ⊙ , which is about 6 times larger than NS mass (1.4 M ⊙ ). The average total energy is about 0.67×10 44 ergs. Assuming a bolometric X-ray flux correction factor of 3 and a constant radiative efficiency of 0.1, this corresponds to a total mass of 1.12 × 10 −9 M ⊙ on average being accreted during an outburst. The total radiated energy during decay phase is more than two times larger than that during rise phase for both BH and NS LMXBTs, which suggest that the central compact object will accrete more mass during the decay phase (see Table 6 ). There is a cut off of distribution of E for BH LMXBTs at the lower E end, but it does not show in the NS LMXBTs' (see left panel of Fig. 11 ), which may suggest there is a minimum disc mass required to trigger an outburst for BH LMXBTs.
We further plotted the correlation between the peak X-ray luminosity and total radiated energy (see Fig. 12 ). The Spearman correlation coefficients are 0.65, 0.61 and 0.64 at a significance of 7.02σ, 6.43σ and 7.18σ for the E, E rise and E decay , respectively, which demonstrate that there is a strong positive correlation between he peak X-ray luminosity and total radiated energy. These correlations seem to be also hold in an individual source MXB 1730-33 (see Fig. 12 ). We also found the total radiated energy is positively correlated with the e-folding rise and decay timescale (see Fig. 13 ). For the rise timescale, the Spearman correlation coefficients are 0.60, 0.46 and 0.45 at a significance of 6.30σ, 4.20σ and 4.15σ for τ rise,10%−90% , τ rise,10%−50% and τ rise,50%−90% , respectively. For the decay timescale, the Spearman correlation coefficients are 0.77, 0.65 and 0.65 at a significance of 9.09σ, 6.98σ and 6.95σ for τ decay,10%−90% , τ decay,10%−50% and τ decay,50%−90% , respectively. So these positive correlations are all very significant. The correlation between τ rise,10%−90% and E is also hold in an individual source GX 339−4, and the correlation between τ decay,10%−90% and E is also hold in an individual source H1743−322 (see the upper panels of Fig. 13) . We also found a marginal correlation between the total radiated energy E and the orbital period P orb among different sources (see Fig. 14) . The Spearman correlation coefficients is 0.46 at a significance of 2.78σ. This correlation seems to only hold at orbital period less than about 100 hours due to the large deviation from this correlation of GRO J1744−28 with orbital period 284 hours. We need more Fig. 14. -Relation between orbital period and total radiated energy. The filled and unfilled symbols represent BH and NS LMXBTs, respectively. There is a positive correlation between E and P orb .
TABLE 7
Parameters of the correlations between the total radiated energy and the e-folding rise or decay timescale
A B
τ rise,10%−90% vs. E 43.27 ± 0.11 0.76 ± 0.12 τ rise,10%−50% vs. E 43.56 ± 0.10 0.56 ± 0.14 τ rise,50%−90% vs. E 43.34 ± 0.13 0.64 ± 0.13 τ decay,10%−90% vs. E 42.38 ± 0.13 1.27 ± 0.11 τ decay,10%−50% vs. E 42.68 ± 0.14 1.10 ± 0.12 τ decay,50%−90% vs. E 42.82 ± 0.14 0.87 ± 0.11 data to test wether the correlation is valid at orbital periods larger than 100 hours.
For the sources with unknown distances, we can estimated the total fluence for each available outburst. If these outbursts also follow the correlations between E and τ rise or τ decay shown in Fig. 13 , we can estimate the distances for these sources according the correlations. We used a linear model in logarithmic scale (log E = A + B × log τ ) to fit the correlations with a Bayesian approach in Kelly (2007) . The best fit parameters are showed in Table 7 . There are five sources with unknown distances in our sample (see Table 1 ). We identified three outbursts in SLX 1746−331 and one outburst in other four sources (SWIFT J1539.2−6227, SWIFT J1842.5−1124, XTE J1755−324 and XTE J2012+381). We can calculate six values of the distance at most for each outburst according the fitted results of different e-folding rise or decay timescales in Table 7 . Then we could averaged the values of the distance for each source to obtain the estimates of the source distances. The distances of these five sources we estimated are 8. 42±2.58, 6.18±1.15, 8.78±1.69, 7.03±3.13, 5 .08±1.63 kpc for SLX 1746−331, SWIFT J1539.2−6227, SWIFT J1842.5−1124, XTE J1755−324 and XTE J2012+381, respectively 2.7. Summary of the Results We have performed a systematic study of the LMXBTs outburst properties in 2-12 keV band using the data from RXTE/ASM. We defined parameters which can be used to describe outburst properties and presented the statistical results of these parameters, including peak X-ray luminosity, rate-of-change of luminosity during rise or decay phase on daily timescale, e-folding rise or decay timescale, outburst duration and total radiated energy. The average peak X-ray luminosity of outburst in our sample is about 4.7×10 37 ergs s −1 (see L peak in Table 2 ). The average rate-of-change of luminosity is about 0.01 L Edd /day during the rise phase (seeL rise,10%−90% in Table 4), and 0.004 L Edd /day during the decay phase (seė L decay,10%−90% in Table 4 ). The average e-folding rise timescale is about 5 days (see τ rise,10%−90% in Table 3) , and the e-folding decay timescale is about 15 days (see τ decay,10%−90% in Table 3 ). The average outburst duration is about 54 days (see Table 5 ). The average total radiated energy is about 6.7×10
43 ergs (see E total in Table 6). The readers need to keep in mind that these parameters depend on energy band, all our measurements are in 2-12 keV band. The bolometric luminosity and total radiated energy could be three times larger than we measured in 2-12 keV (e.g. in't Zand et al. 2007 ).
We found a correlation between the rate-of-change of luminosity and peak X-ray luminosity in units of L Edd in both rise and decay phase (see Fig. 7 ), which is consistent with previous results in Yu & Yan (2009) . We also found a correlation between the peak X-ray luminosity and the total radiated energy (see Fig. 12 ) and correlations between e-folding rise or decay timescale and the total radiated energy (see Fig. 13 ). There is a weak positive correlation between orbital period and total radiated energy (see Fig. 14) , and also a positive correlation between orbital period and e-folding rise timescale (see Fig 8) .
DISCUSSION
Comparison between Outbursts of BH and NS
LMXBTs Once a new LMXBTs was discovered, the most important thing is to determine the nature of the compact object. If there is no evidence of a NS from type I burst or pulsation detection or the mass of compact object can not be measured. Then people normally used the X-ray spectral and timing properties to infer the nature of the compact object.
Our statistical study of the outbursts of LMXBTs shows that the average values of most parameters have significant differences between BH LMXBTs and NS LMXBTs except τ rise,10%−50% . The average L peak of BH LMXBTs is about two times larger than that of NS LMXBTs.
Both the average τ rise,10%−90% and τ rise,50%−90% of BH LMXBTs are about two times larger than those of NS LMXBTs. The average τ decay,10%−90% , τ decay,10%−50% and τ decay,50%−90% of BH LMXBTs are all more than two times larger than those of NS LMXBTs. The average outburst duration of BH LMXBTs is also larger than that of NS LMXBTs by a factor of ∼ 2. The total radiated energy of BH LMXBTs is about six times larger than that of NS LMXBTs. Therefore these parameters are very helpful in inferring the nature of the compact object in a statistical sense. When a new transient is discovered, we can measure outburst properties (such as peak X-ray luminosity, rise or decay timescale, outburst duration and total radiated energy) as described in Section 2, and compare with the distribution of BH LMXBTs and NS LMXBTs to jointly infer the nature of the central compact object.
3.2. Disc mass as the primary initial condition for non-stationary accretion Yu & Yan (2009) has suggested that the nonstationary accretion which is characterized by rate-ofincrease of X-ray luminosity plays an important role in determining the luminosity of the hard-to-soft state transition and the peak X-ray luminosity of an outburst. In order to further investigate the role of non-stationary accretion, we studied the rate-of-change of luminosity in the rise and decay phases. The rate-of-change of luminosity in rise phase is about 2 times larger than that in the decay phase (both for BH and NS LMXBTs). The correlation between the rate-of-change of luminosity and peak X-ray luminosity scaled in L Edd exists both in the rise and decay phase (see Fig. 7 ), which confirms the previous results and further support the schematic picture of Fig.28 in Yu & Yan (2009) .
The non-stationary accretion corresponding to transient outbursts is probably set up by an initial condition -disc mass (Yu et al. 2004 Wu et al. 2010a,b) . In our study, the total radiated energy E should correspond the disc mass accreted during an outburst if a constant radiative efficiency can be approximately assumed. Thus wen can infer disc mass accreted during an outburst is correlated with peak X-ray luminosity, rise timescale and decay timescale, which support the idea that disc mass plays a major role in determining outburst properties inferred from observations (Yu et al. 2004 Wu et al. 2010a,b) . The peak X-ray luminosity is a function of disc mass, which is actually expected from DIM (King & Ritter 1998; Shahbaz et al. 1998; Lasota 2001; Dubus et al. 2001) , since the peak mass accretion ratė M peak depends on the maximum radius which the heating front can propagate.
We found a weak correlation between the total radiated energy E and the orbital period P orb (see Fig. 14) . For a fixed mass ratio between the compact star and the companion star, the orbital period constrains the size of the Roche lobe and the maximum disc size as well. Only if a specific ratio of Roche lobe was filled by the accretion disc, and a specific ratio of mass stored in the disc were accreted into the compact star during an outburst, can we see such a positive correlation between E and P orb . This correlation is also expected from the DIM (Lasota 2001), since the mass accreted during outburst mainly determined by the disc size, the critical surface density change very small between different systems. If irradiation is strong enough to ionize the whole disc, the heat front can propagate to the outer radius, most of the disc mass will be accreted by the compact object during outburst (King & Ritter 1998; Shahbaz et al. 1998; Dubus et al. 2001) . The average peak X-ray luminosity of our sample is about 4.7 × 10 37 ergs s −1 (see Table 2), which is larger than the critical luminosity required to ionize the entire disc for a typical disc size given in Shahbaz et al. (1998) . So we can see the correlation between the total radiated energy E and the orbital period P orb . GRO J1744−28 has the longest orbital period in our sample, which means the largest disc size. The possible reason for GRO J1744−28 showing large deviation from the correlation (see Fig. 14) is that the peak X-ray luminosity is not high enough to ionize the whole disc.
3.3. Transient stellar-mass ULXs during super-Eddintong outbursts Statistical study of the state transitions in bright Xray binaries shows no indication of a luminosity saturation or cutoff in the correlation between the transition luminosity and the peak X-ray luminosity of the outburst/flare up to more than 30% L Edd (Yu & Yan 2009 ). This indicates that more luminous hard states and outbursts than those observed in our Galaxy are allowed by physics. If the luminosity function of Galactic LMXBTs' outbursts can be estimated, we would see one outburst of Galactic LMXBTs can reach Eddington outburst in few tens of years (Yu & Yan 2009) . A super-Eddington outburst candidate is the 1999 outburst of V4641 Sgr (see Orosz et al. 2001; Revnivtsev et al. 2002) . However this source was classified as HMXB in the following studies (Orosz et al. 2001; Liu et al. 2006 ). On the other hand, the 1999 outburst of V4641 Sgr shows largely different properties from classic outburst of LMXBT. The rise and decay phase of this outburst were extremely fast. It reached 12 crab within 8 hours from quiescence, and returned to quiescence within 2 hours. We speculated this outburst has different mechanism from the classic outburst of LMXBT.
Two transient ULXs in M31 was identified as LMXBs (Kaur et al. 2012; Middleton et al. 2012; Henze et al. 2012 ) which confirmed our previous prediction of the occurrence of transient ULXs in Yu & Yan (2009) , since M31 is significantly larger than the Milk Way. Monitoring observations performed with Chandra, XMMNewton and Swift covered the entire outburst phase for XMMU J004243.61+412519, and the decay phase of CXOM31 J004253.1+411422. We collected the Xray light curves of both transient ULXs from literature (Kaur et al. 2012; Middleton et al. 2013 ) in order to compare the outburst properties with the Galactic LMXBTs. We followed the same methods in Section 2 to measure the peak X-ray luminosity, rate-of-change of luminosity, e-folding rise and decay timescales, outburst duration and total radiated energy. The light curves of these two ULXs were obtained in 0.3-10 keV, which is different from the RXTE/ASM light curves of Galactic LMXBTs. Comparing the parameters of the outbursts of the two transient ULXs in M31 with NS LMXBTs and BH LMXBTs, we tended to suggest that the nature of central compact objects are black holes. The masses of central compact objects in these two ULXs are both assumed as 10 M ⊙ .
The outburst parameters of the two M31 transient ULXs are also plotted in the correlations we found in the Galactic LMXBTs. As can be seen in Fig. 7 and Fig. 12 , the two transient ULXs in M31 follow the correlation between the rate-of-change of luminosity and the peak X-ray luminosity and the correlation between the peak X-ray luminosity and the total radiated energy. But as shown in see Fig. 13 , the two transient ULXs seem to locate below the extrapolation of the correlations between e-folding rise or decay timescale and total radiated energy found in Galactic LMXBTs. Due to the large intrinsic scatters of the correlations, we need more data to verify whether the correlations have a saturation or break at the higher luminosity end. In the future, much more sensitive all sky monitor will provide us a large sample of light curves of transient ULXs in nearby galaxies, which offers a significant advantage to study the properties of super-Eddington outbursts, since these sources have more populations and smaller absorption comparing with Galactic sources, and shorter timescales comparing with super-Eddington AGNs. These two transient ULXs in M31 roughly follow the correlations found in the Galactic LMXBTs and their outburst properties are also similar to the Galactic LMXBTs, which demonstrate that the sub-Eddington and super-Eddington outbursts are driven by the same mechanism.
3.4. Rise or Decay Timescale and the DIM In the original form of DIM, the rise or decay time corresponds to the time duration which the heating or cooling front propagates. The velocity of the heating front is of the order of αc s (Meyer 1984) , where the c s is the sound speed. So rise time t rise is ∼ R/αc s (Frank et al. 2002) . If the rise time corresponds the propagation time through the entire accretion disc, it will be ∼ 100 hours if assuming a disc size of ∼ 10 11 cm, which is comparable with the rise timescale we observed (τ rise,10%−90% ∼ 5 days, see the Table. 3). But the rise timescale we measured is in X-ray band, it may correspond to the heating front propagation time through the X-ray emission region, which is much smaller. Dubus et al. (2001) considered a modified DIMs including the effects of irradiation and evaporation and assumed the inner region of a disc is replaced by an advection-dominated accretion flow (ADAF) at the beginning of an outburst. The inner radius of the truncated disc decreases until its minimum value is reached whenṀ in =Ṁ ev (R min ), where theṀ in is the mass accretion rate and theṀ ev is evaporation rate. The rise time t rise is a viscous time which the disc needs to reach R min from the initial truncated radius R tr . For the typical parameters of LMXBs, the t rise is of the order of several days (Dubus et al. 2001) , which is comparable with the rise timescale we observed. But we did not measure the rise timescale by taking the quiescence as the beginning. Practically the rise time from quiescence is difficult to estimate from the RXTE/ASM data, since the sensitivity is not enough to determine the quiescent flux level.
Our statistical results show that the outburst decay of most outbursts is consistent with an exponential form down to F 10% . It has been found that the irradiation of the accretion disc by the central X-rays can naturally explain the exponential decay (King & Ritter 1998) . The decay timescale (∼20-40 days) given by King & Ritter (1998) is consistent with the average decay timescale we measured within error bars (6 -37 days, see τ decay,10%−90% in Table 3 ). King & Ritter (1998) also showed the e-folding decay timescale τ decay is of the order of the viscous timescale of the outer radius and increases with the orbital period, but saturate at τ decay ∼ 40 days for the binary systems with orbital periods longer than about a day. We have checked for this but did not find positive correlation between orbital period and e-folding decay timescale for the data where τ decay are below 40 days, which indicates that additional physical processes must be taken into account in order to explain the decay timescales.
However, we found a positive correlation between the the e-folding rise timescale and the orbital period (see Fig. 8 ). Some calculations (Menou et al. 1999; Gilfanov & Arefiev 2005 ) also showed that the viscous time at the outer disc is positively correlated with the orbital period, So the rise timescale may relate to the viscous time of the outer disc. If the e-folding rise timescale we measured really corresponds to the viscous timescale at the initial truncated radius, the truncated radius must relate with the outer radius, which leads to the correlation between the e-folding rise timescale and the orbital period. How the truncated radius is related to the outer disc radius when the LMXBTs are in their quiescence deserve further studies.
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